Abstract. Ultra-sensitive nanoscopic detectors for electromagnetic radiation consist of thin metallic films deposited on dielectric membranes. The metallic films, of thickness d of the order of 10 nm, form the thermal sensing element (TSE), which absorbs the incident radiation and measures its power flux or the energies of individual photons. To achieve the sensitivity required for astronomical observations, the TSE works at temperatures of the order of 0.1 K. The dielectric membranes are used as support and for thermal insulation of the TSE and are of thickness L − d of the order of 100 nm (L being the total thickness of the system). In such conditions, the phonon gas in the detector assumes a quasi-two-dimensional distribution, whereas quantization of the electrons wavenumbers in the direction perpendicular to the film surfaces leads to the formation of quasi twodimensional electronic sub-bands. The heat exchange between electrons and phonons has an important contribution to the performance of the device and is dominated by the interaction between the electrons and the antisymmetric acoustic phonons.
High sensitivity electromagnetic radiation detectors for space applications are nanometer-size devices which work at sub-Kelvin temperatures [1, 2] . Such a detector consists of a thermal sensing element (TSE) which is deposited on a supporting membrane. The TSE is formed of one or several metallic layers and has the role of absorbing and measuring the incident electromagnetic radiation. The supporting membrane is dielectric and provides the thermal insulation of the TSE from the bulk material [1] [2] [3] [4] . To ensure the level of sensitivity required by the astrophysical observations, the thickness of the TSE should be of the order of 10 nm, the thickness of the supporting membrane is of the order of 100 nm, whereas the working temperature of the device may be about 100 mK [5, 6] . The layers of materials that form the detector are shown schematically in Fig. 1 .
The TSE may consist of a normal metal strip coupled to a superconducting antenna [2, 3, [5] [6] [7] [8] [9] . When the incident radiation is absorbed, its energy is dissipated into the normal metal strip. At the detector's working temperature, the electrons are weakly coupled to the lattice and therefore we can associate an effective temperature to each of these subsystems: T e will denote the temperature of the electrons and T ph will denote the temperature of the lattice (phonons).
Being at different temperatures, a net heat power P flows between the electron system and the phonon system, due to the electron-phonon interaction. This interaction is described by the deformation potential Hamiltonian [10] [11] [12] where E F is the Fermi energy of the electrons, A is the area of the metallic film, d is the thickness (see Fig. 1 ), Ψ † (r) and Ψ(r) are the electron field creation and annihilation operators, respectively, whereas u is the phonon field. The volume of the metallic film is V el ≡ Ad and we do not take into account any other interaction in the system (like, for example, electron-electron, phonon-phonon or interaction with impurities). For three-dimensional (3D) systems, the heat power
ph [13] . If the phonons are confined to a lower dimensionality s, then [12, 14, 15 ]
In general, we write P sD ≡ P (0) −P (1) , where P (0) is defined as the heat power from electrons to phonons and P (1) is the heat power from phonon to electrons, so that, from Eq. (2), we have
ph . In the detector systems investigated by us, the supporting membrane is made of silicon nitride (SiN x ) and the metallic film is copper (Cu). The phonon modes and the thermal properties of nanoscopic SiN x membranes have been investigated, for example, in [16] [17] [18] and it was noticed that in a temperature range below 1 K a dimensionality crossover of the phonon modes takes place, namely a quasi-two-dimensional (2D) phonon gas distribution transforms -as the temperature increases -into a 3D distribution. For example, the phonon gas in a 100 nm thick membrane is well approximated by a 2D distribution at temperatures below 200 mK and therefore one would expect s = 2 and the power flux proportional to T 4 e − T 4 ph in this temperature range. If one takes into account the discretization of the electrons' wavevectors in the direction perpendicular to the surface of the metallic layer (we shall call this the quantum well description-QW), together with the confinement of the phonon modes, the form (2) changes. The quasi-2D phonon modes in the system can be divided into three categories [19] : horizontal shear (h), symmetric (s) and antisymmetric (a) modes. From these three types of phonons, only the s and a modes interact with the electrons and therefore contribute to the heat flux. The heat flux due to the s modes is P 
2D
QWa . In the low temperature limit (T e and T ph → 0), the antisymmetric modes have the dominant contribution to the heat exchange, as can be seen in Fig. 2 .
In conclusion, the heat exchange between electrons and phonons in the layered structure investigated is dominated by the interaction between the electrons and the antisymmetric phonon modes, which leads to a temperature dependence P QW s for L = 100 nm. In the temperature range of interest (T e < 0.2 K), the dominant contribution comes from the antisymmetric phonons. The same is true for P (1) QWa /P (1) QW s . The sharp crests that appear parallel to the T e axis are exceptions to the simple power-law dependence of P 2D QW and are not discussed here (see [11] for details).
